ABSTRACT
INTRODUCTION
VG5Q was recently reported as the first susceptibility gene for Klippel-Trenaunay syndrome (KTS), a disorder characterized by diverse effects in the vascular system (Tian et al., 2004) . Susceptibility to vascular defects typical of KTS is increased either by higher expression of the gene due to chromosomal translocation, or by a mutant protein which is assumed to be hyperactive. The VG5Q protein acts as an angiogenic factor, since gene expression at high levels promotes blood vessel growth. The VG5Q protein is secreted when vessel formation is initiated, is capable of binding to the surface of endothelial cells and interacts with TWEAK, a member of the tumor necrosis factor (TNF) superfamily that induces angiogenesis in vivo.
In search of information helping us to understand the molecular mechanism by which VG5Q promotes angiogenesis, we investigated further the domain architecture of this protein and identified a novel domain, which is shared by other proteins involved in RNA metabolism. This domain was referred to as OCRE, after OCtamer REpeat (see below).
RESULTS AND DISCUSSION

Identification of the OCRE domain
The VG5Q protein [GenBank identifier (gi) 45708564] contains a forkhead-associated (FHA) domain and a G-patch motif (Fig. 1) . We further analyzed its domain architecture using hydrophobic cluster analysis (HCA) (Callebaut et al., 1997) , a two-dimensional (2D) * To whom correspondence should be addressed. G-patch, Glycine-rich nucleic binding domain; OCRE, Octamer Repeat; RRM, RNA recognition motif; ZF-U1, U1 zinc finger; ZnF-C2H2, zinc finger domain with the first and second pair of zinc-coordinating residues being cysteines and histidine, respectively; ZnF-RBZ, zinc finger domain in Ran-binding proteins (RanBPs) and other proteins; At, Arabidopsis thaliana; Ce, Caenorhabditis elegans; Hs, Homo sapiens; Os, Oryza sativa; and Pf, Plasmodium falciparum. approach, which is well suited to analyze the 2D texture of proteins. We identified a distinct globular domain (residues 200-261; approximately one-third of hydrophobic amino acids, gathered into clusters, the positions of which mainly correspond to those of regular secondary structures), encircled by non-hydrophobic sequences.
PSI-BLAST search (Altschul et al., 1997) of the non-redundant database (2 010 419 sequences) at the National Center for Biological Information (http://www.ncbi.nlm.nih.gov) using this domain as query led to the identification of statistically significant similarities to other proteins (BLASTP 2.2.9, inclusion E-value of 0.005; convergence after five iterations; 74 significant hits). Reciprocal searches using all the retrieved sequences as queries yield several additional sequences for a total of one-hundred hits. A representative set of aligned sequences is shown in Figure 2 and is accessible in the Fig. 2 . Multiple sequence alignment of representative OCRE domains. The alignment was constructed on the basis of the PSI-BLAST results, and refined in some regions using HCA and reciprocal PSI-BLAST searches. Protein names and abbreviations of the species names are indicated on the left-hand side, GenBank identifiers (gi) on the right-hand side. Secondary structure prediction, performed on the multiple alignment using Jpred (Cuff et al., 1998) , is indicated below. Coloring scheme: white letters on a black background, aromatic (FYWH); white letters on a gray background, aliphatic (VILM); black letters on a gray background, small or loop-forming (ACDGNPST); and boxed, D or N. A, C and T, which can substitute for hydrophobic amino acids (VILFMYW), are reported accordingly. EMBL-Align database under the accession number ALIGN_000772. In particular, a potential ortholog of the VG5Q protein, sharing similar domain architecture, was also retrieved in the pathogenic fungus Cryptococcus neoformans (CNBE2600; Fig. 2 ), in the twilight zone of several PSI-BLAST searches (E = 0.067 using VG5Q as query). The significance of this similarity was further assessed using HCA.
In several of the retrieved sequences, the so-called domain is clearly separated from the rest of the protein by non-globular sequences or is located at the very N-terminus, thereby allowing a clear definition of its N-and C-terminal limits. This domain is found in a variety of eukaryotic species, including animals, higher plants, the parasites Plasmodium falciparum and Plasmodium yoelii and the fungal pathogen C.neoformans, indicating a conserved and presumably important function.
The domain identified here was named OCRE as it consists of a repeated sequence of eight residues, organized around a triplet of conserved aromatic amino acids (Fig. 2) , which might form a β-strand structure, as suggested by the high association of the corresponding hydrophobic cluster with this kind of regular secondary structure [65% β versus 15% α on a representative set of 3242 clusters built with only three successive hydrophobic amino acids; Hennetin et al. (2003) and our unpublished data] and by other methods of secondary structure prediction (Cuff et al., 1998) . The aromatic triplet (populated on an average at 81% of aromatic amino acids for the three inner repeats and at 62% for the outer ones) is generally preceded by two tiny amino acids and followed by an acidic residue. The repeated character of sequences shown here, which belong to the OCRE family, was already noticed on an ad hoc basis for some of the specific family of RNA-binding proteins (Drabkin et al., 1999; Inoue et al., 1996) (see below). The OCRE domain strictly consists of five repeats, the fifth one being more divergent and appears to initiate the repeat termination (Fig. 2) . Octamer repeats of the OCRE family distinguish from other octamer repeats that share some marginal sequence similarities with the OCRE sequences (e.g. a mouse hypothetical protein-gi 51708554) or are sequence-unrelated [e.g. repeats of animal prions and ice nucleation proteins (Gazit, 2002) and of the Cterminus of histone H1 (Bharath et al., 2002) ]. All these repeats are indeed not limited to five and do not possess 'terminator' sequences similar to the degenerated last repeat of the OCRE domains. Fold recognition methods (Kelley et al., 2000; Shi et al., 2001) did not readily assign an already known structure to the OCRE domain. However, the repeated character of the octamer suggests an equally repeated 3D architecture, most probably based on β-strands. Righthanded β-helices might fulfill some of the most striking features of the OCRE domains. Indeed, the triangular kidney-shaped righthanded β-helices are composed of successive rungs of 22-25 amino acids in which, at each corner of stretches of ∼8 amino acids, glycines are frequently encountered (Jenkins and Pickersgill, 2001 ). Clusters of three successive hydrophobic amino acids are also frequently found in these structures, centered on β-strands (e.g. the Aspergillus niger pectin lyase-pdb 1QCX; amino acids 227-234, 258-265, 266-273). Moreover, more or less large loops can protrude at the corners, a situation which is consistent with the insertions found in RBM6, and to a lesser extent in F28A23.100 (Fig. 2) . The first three OCRE repeats might thus constitute a 24 amino acid rung, followed by two-third of another rung (fourth and fifth repeats). This unusually limited β-helix might allow the side chains of the numerous aromatic amino acids (mainly tyrosine) to almost freely interact with each other on the surface of the domain through π -π and C-H · · · π interactions as well as through H-bonds. This structure might thus constitute a specific interaction area, in which the conserved aspartic acids and serines (Fig. 2) could be engaged in locking interactions. Alternatively, the OCRE domains might fold as a two-sheet β-roll (two-and-a-half rungs), similar to that encountered in alkaline protease (pdb 1 KAP; amino acids 336-379). However, the possibility of another, and possibly a new fold for the OCRE domains cannot The OCRE domain be ruled out. Sequence composition of the N-terminus of the OCRE domains, before the first repeat, suggests the presence of a helix of variable length, which might complete the domain together with the C-terminus of the fifth repeat.
Domain architecture of the OCRE proteins
Searching the domain databases [SMART (Letunic et al., 2004) and Pfam (Bateman et al., 2004) ] using the retrieved sequences as queries revealed a limited number of domain combinations within the OCRE family (Fig. 1) . The OCRE domain of the VG5Q protein family is associated with an FHA domain, a signalling module that is found in a variety of proteins and which preferentially binds to the phosphothreonine residues (Durocher and Jackson, 2002) . Most of the OCRE domains, including that of VG5Q, are included in proteins with Gpatch motifs, which are found in several RNA-associated proteins and have been suggested to play a role in RNA binding (Aravind and Koonin, 1999) . Most of these G-patch containing proteins also have RNA-recognition motifs (RRMs) and specific zinc fingers, and belong to a specific family of RNA-binding motif (RBM) proteins (Fig. 1) . This family includes two proteins, human RBM5 and human RBM6, the genes of which are adjacent in the lung cancer tumor suppressor locus 3p21.3 (Timmer et al., 1999) . The RBM5 gene (also known as LUCA-15) was suggested to act as an oncogene, since a direct correlation has been shown between up-regulation of LUCA-15 RNA and HER-2/neu oncogene overexpression (Oh et al., 1999) . LUCA-15 was also proposed to play an important role in the control of apoptosis (Sutherland et al., 2001) . The sequence of human RBM6 is identical to that of the lung cancer antigen NY-LU-12, encoding a gene identified by screening a lung cancer cDNA expression library with autologous patient antisera (Gure et al., 1998) and to that of DEF-3, the gene of which was isolated by positional cloning from a small-cell lung carcinoma in 3p21.3 and, in parallel, found as differentially expressed during myelopoiesis (Drabkin et al., 1999) . The RBM5/RBM6 family also includes rat RBM10 (S1-1 protein), a nucleus-extracted protein that binds to RNA homopolymers (Inoue et al., 1996) .
Functional prediction for the OCRE proteins and OCRE domain
The architecture of the different proteins containing the OCRE domain, including RRMs and/or G-patch (Fig. 1) , suggests a role in RNA processing. Several lines of evidence strengthens this hypothesis. First, recombinant proteins containing the RRMs of RBM5/LUCA-15 and RBM6/DEF-3 are able to specifically bind poly(G) RNA tracts in vitro (Drabkin et al., 1999; Edamatsu et al., 2000) . Second, the rat RMB-10/S1-1 protein binds homopolymer RNA in vitro [especially poly(G) and poly(U)] and associates with heterogeneous nuclear ribonucleoproteins (hnRNPs) in the nucleus (Inoue et al., 1996) . Besides this probable role in RNA metabolism, the putative tumour suppressor property of RBM5/LUCA-15 was proposed to be associated with its ability to modulate apoptosis (for a review see Sutherland et al., 2001) . Overexpression of RBM5 suppressed cell proliferation both by inducing apoptosis and by extending the G 1 phase of the cell cycle (Mourtada-Maarabouni et al., 2003) . This modulation appears to be mediated by different cytokines of the TNF superfamily, such as TRAIL, but also TNF-α and FAS (Rintala-Maki et al., 2004) . Thus, RBM5/LUCA-15 enhances multiple receptor-initiated death signals.
The association of OCRE domains with RNA-binding modules, which have in common the presence of conserved aromatic amino acids, suggests that the OCRE domain itself could be a novel RNA-binding module. As in RRMs, these aromatic amino acids (principally tyrosine and phenylalanine) might be directly involved in nucleic acid binding (Birney et al., 1993) . This hypothesis raises the possibility that the angiogenic VG5Q protein, which is cytoplasmic but also secreted upon angiogenesis, could also be involved in RNA metabolism. This is further supported by the fact that the G-patch motif, which is found at the C-terminus of the VG5Q protein, is also mainly found in proteins involved in RNA metabolism (Aravind and Koonin, 1999) . Another common feature of different OCRE proteins is their participation in signalling pathways activated by the TNF superfamily of cytokines, in particular involved in the stimulation of cell growth and angiogenesis (VG5Q) (Tian et al., 2004) and apoptosis (LUCA-15) (Rintala-Maki et al., 2004) . Whether or not the OCRE domain could play a direct role in these mechanisms remains to be determined.
The delineation of the OCRE domain should allow directed investigations relative to the identification of its potential ligand(s) as well as to the understanding of its structure and biological role.
